Using a cDNA clone from the ovary of the frog, Xenopus laevis, we have identified the mRNA and determined the complete amino acid sequence of a major cytoskeletal protein expressed in the oocyte. A comparison with other cytoskeletal proteins of Xenopus and mammals identifies this polypeptide of Mr 55,700 as a nonepidermal kind of cytokeratin of the basic (type II) subfamily, which represents the amphibian equivalent to cytokeratin no. 8 of simple epithelia of higher mammals. The sequence data demonstrate the high evolutionary stability of this protein. This cytokeratin and its mRNA are present in oocytes, eggs, embryos, liver, and intestinal mucosa of adult frogs, as well as cultured kidney epithelial cells. We suggest that epithelial cell differentiation in early stages of Xenopus embryogenesis differs from other known pathways of cell differentiation in that major cell-typespecific proteins-i.e., cytokeratins of the simple epithelial type-and their mRNAs are maternally provided and distributed to early epithelial cells by special sorting mechanisms.
Embryogenesis is a complex process integrating, temporally and spatially, diverse regulated programs of cell and tissue differentiation that are commonly believed to be correlated with-and to result from-changes in the expression of specific genes. In fact, a number of examples of developmental regulation of gene activity have been described in which the synthesis of a specific mRNA is closely followed by the appearance of the encoded protein, concomitant with morphological changes characteristic ofthe particular kind of cell differentiation (for reviews, see refs. [1] [2] [3] . In this respect, the precise developmental regulation of expression of celltype-specific proteins of multigene families such as the major cytoskeletal proteins-i.e., actins, tubulins, intermediate filament (IF) proteins-is particularly interesting because their small differences of amino acid sequence are not expected to result in extensive functional changes.
The sequences of events in the various pathways of cell differentiation require certain time spans, and these time requirements for differentiation have to meet another requirement of embryogenesis-i.e., the rapid multiplication of cells and growth. This dual requirement of embryogenesis is also obvious in the early embryonic development of the frog, Xenopus laevis, in which it takes only =9 hr for the fertilized egg to reach the gastrula stage and little more than 15 hr to form somites within the mesoderm-i.e., the apparent onset of muscle differentiation (3) (4) (5) (6) . In this species, early development is characterized by 12 rapid cell divisions that are completed within -5 hr, at which point the embryo reaches the so-called midblastula transition (7) . During this 5-hr period, no transcription is observed, and the level of translation observed seems to be exclusively based on maternally supplied mRNAs (1, 5, 7, 8) . Synthesis of cell-type-specific proteins such as a-actins and epidermal keratins has consequently been found only in post-blastula stages (2, 3, 5, 6, 9, 10) .
Among the differentially expressed cytoskeletal proteins, the IF proteins are exceptionally complex, and five major classes are distinguished: (i) cytokeratins in epithelial cells,
(ii) vimentin in mesenchymal cells and certain other cell types, (iii) desmin in myogenic cells, (iv) glial filaments in astrocytes and certain nonglial cells, and (v) neurofilaments in neuronal cells and certain neurosecretory epithelial cells (11, 12) . These different IF protein classes also occur in amphibia (13) (14) (15) (16) (17) (18) (19) (20) . IF complexity is further increased by the number ofdiverse cytokeratins. In mammals, for example, 19 (human) and 22 (bovine, murine) different cytokeratin polypeptides have been distinguished, and different combinations of two or more of these genes are expressed in different epithelia (11, 21, 22) . On the basis of amino acid sequence homologies and the abilities to form complexes and IF with other cytokeratin polypeptides, the cytokeratins are usually divided into two subfamilies-i.e., the acidic (type I) and the basic (type II) polypeptides (17, (22) (23) (24) . These principles of cytokeratin diversity and epithelium-type-specific expression can also be seen in X. laevis (10, 16, (25) (26) (27) .
In general agreement with the concept of stage-specific induction of expression of cell-type-specific proteins, Jonas et al. (10) have recently described a mRNA encoding an epidermal cytokeratin of Mr 47,000 in the gastrula stage, which so far represents the earliest cell-type-specific gene product synthesized during Xenopus embryogenesis. However, morphological features of epithelial differentiation are already recognized in pregastrula embryos, in particular in the outer cell layer of blastulae (e.g., see refs. 4, 16, 28, and 29) . Moreover, the oocyte, the egg, and pregastrula stages of Xenopus have been shown to synthesize three cytokeratinlike polypeptides (16) . Because ofthe principal importance of a case of synthesis of a cell-type-specific cytoskeletal protein at stages in which no signs of epithelial differentiation are recognized, we have characterized the longest and most prominent ofthe oocyte cytokeratins by using a cDNA clone. ucts were characterized by two-dimensional gel electrophoresis, using cytoskeletal proteins from various cells and tissues for coelectrophoresis (16, 25, 26, 30) .
MATERIALS AND METHODS
RNA Blot Analysis. Poly(A)+ RNA was analyzed by electrophoresis on 1% agarose gels, transferred to nitrocellulose paper, and hybridized with nick-translated probes (31) .
cDNA Clone and Sequencing. A Xgtl1 cDNA library prepared from Xenopus ovary poly(A)+ RNA according to Gubler and Hoffman (32) by C. Dingwall (University of Cambridge, U.K.) and J. Kleinschmidt (this institute) was screened with an electrophoretically gel-purified nick-translated insert of a cDNA clone (pKB81) to bovine cytokeratin no. 8 (A; ref. 33) . Hybridization with this heterologous probe was overnight at 370C in 50% formamide/5x Denhardt's solution (34)/0.9 M NaCl/50 mM NaH2PO4, pH 7.4/0.2% NaDodSO4/yeast tRNA (100 Ag/ml), and filters were washed as described (31) . Several positive phage plaques were selected and processed through four further rounds of hybridization with the same probe. Phage DNA was isolated (34) , and inserts were excised, purified on low melting-point agarose, and subcloned into the EcoRI site of pUC8. One of the subclones (pKXL1/8) was used and characterized by hybrid selection-translation (25) . DNA sequencing was performed by the chemical modification method (35) .
RESULTS
Characterization of pKXLl/8 cDNA and Expression of mnRNA. Clone pKXL1/8 derived from an oocyte library was identified by in vitro translation of hybrid-selected mRNA ( Fig. 1 a and Fig. 2 b and c) .
Nucleotide Sequencing and Amino Acid Sequence Derived Therefrom. The complete sequence of clone pKXL1/8 of 2197 nucleotides (Fig. 3 ) contained a continuous poly(A) stretch of 130 residues. the 5' end revealed the first methionine codon in position 37. The data indicate that this clone is an almost complete cDNA clone, with an unknown number of noncoding nucleotides missing at the 5' end. The corresponding amino acid sequence encodes a polypeptide of 502 amino acids with a total Mr of 55,688, including the first methionine, which most likely is lost in the actual polypeptide. This is in excellent agreement with the Mr value of 56,000 previously determined from NaDodSO4/PAGE (16) . Comparison with Other Proteins. Fig. 4 compares the deduced amino acid sequence of clone pKXL1/8 with the sequences of other IF proteins (10, 36, 37) and identifies the polypeptide encoded as a typical type II cytokeratin. Predictive conformation analysis revealed the typical central "rod" domain characterized by extended regions of high a-helical probability and heptad repeats indicative of a coiled-coil structure (22, 23, 38) . This rod, which contains two interruptions of non-a-helical organization, is flanked by an amino-terminal non-a-helical "head" relatively rich in glycine and hydroxyamino acid residues and a carboxylterminal non-a-helical "tail" of96 residues, which is also rich in hydroxyamino acids and contains four glycine-rich tetrapeptide repeati (three GGGY and one GGGI). Amino acid sequence homologies with noncytokeratinous IF proteins and cytokeratins ofthe acidic (type I) subfamily are restricted to certain a-helical regions, the most prominent being the "consensus region" of the last 18 residues of the rod domain (Fig. 4) . More extended sequence homologies exist between this Xenopus cytokeratin and the sequences of various cytokeratins of the basic (type II) subfamily (Figs. 4 and 5) from the same or other species (22, 25, 33, 36, 40) . These homologies extend into the head and include the non-ahelical interruptions in the rod domain. Particularly conspicuous is the homology between this Xenopus oocyte 1 cytokeratin and the bovine cytokeratin no. 8 (A), which is not from the patterns of expression in the same cell type such as only high in the rod (76% identity) but also extends for 20 intestine, liver, and cultured kidney epithelial cells, we residues into the tail (Fig. 5) . From these comparisons and conclude that the Xenopus cytokeratin component 1 is a type 1 CCTCACGTAGTCTCATCTGCCACTCACAGCTCCACCATGTCCGTCAGATCGACCAAAGTCACCTACCGCACCAGCAGCGCTGCCCCCCGCTCCGGCGGCT 8 glycine-rich repeats are common in tail sequences of several or A in mammals (11, 21, 24, 30, 32 8 demonstrates the evolutionary conservation of sequence in the equivalent cytokeratins of animals as taxonomically distant as amphibia and mammals. The conservation of this protein is noted not only in the rod but also in the beginning of the tail domain, indicating the location of important functions in this region. The Xenopus cytokeratin 1/8 also combines sequence features of simple epithelial cytokeratins with a characteristic of several cytokeratins of stratified epithelia-i.e., the presence of glycine-rich oligopeptide repeats in the tail, which makes this cytokeratin an interesting candidate for an ancestral type II cytokeratin.
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With the cytokeratin nature of cytokeratin 1/8 now established, it must be concluded that, at least in Xenopus, the principle of developmental regulation of a protein specific for one category of cells in the adult animal-i.e., simple epithelial cytokeratins-is fundamentally different from the mode of regulation of expression of several other cell-typespecific proteins. In contrast to other cytokeratins whose expression is induced at the midgastrula stage or later (2, 10, 27) , cytokeratin 1/8 is synthesized in the oocyte in early and late embryonic stages as well as in simple epithelial tissues of tadpoles and adult frogs. The reason for the maternal storage of a simple epithelium cytokeratin and its mRNA is not yet understood. However, it seems a plausible process, allowing rapid chromosomal replications during the pre-midblastula stages and the formation of typical cytoskeletal features of epithelial cells such as cortical desmosome cytokeratin IF complexes, which already occur in the outer cell layers of blastulae and gastrulae (16, 29) . Clearly, the large Xenopus eggs and embryos and the precisely time-controlled pattern of early embryogenesis of this organism should provide a suitable experimental system to elucidate the forces involved in the regionalization and sequestration of preformed proteins and mRNAs destined for cell-type-specific distribution.
